OF SATELLITE SPIN ON TWO-WAY DOPPLER RANGE-RATE MEASUREMENTS I. Introduction
In a previous report [1] it was shown theoretically thai the spin of a satellite using a turnstile antenna must be taken into consideration when the range rate of the satellite is measured by a coherent two-way Doppler tracking system.
In this report, the results of an experimental test of the theory are presented.
The test was performed in March, 1970 at the Goddard Range and Range Rate (GRARR) facility at Rosman, North Carolina, using S-band frequencies and a once-per-second recording rate.
II. Equation for Range-Rate
The theoretical equation for the range -rate of the spinning satellite as measured by the GRARR system was given[ Reference 1, equation 20] as 1-\fb-) 2 2 ft (1) where, in the first term, f° is the output frequency of the GRARR receiver, f t is the carrier frequency of the ground-based transmitter, f is a bias frequency used to remove ambiguity in the sign of the measured frequency shifts, and c is the speed of light. In the second term, A t is the wavelength of the transmitter, Xt = c/ f t , f S is the spin rate of the satellite, and M/N is the effective turn-around ratio of the satellite transponder. The quantity Sr is defined to have the value +1 if the circular polarization of the receiving antenna of the satellite and the rotation of the satellite both are given by a right hand or both by a left hand rule along the propagation path. If the rotation and polarization have opposite senses, S r is to be set equal to -1. The quantity St obeys the same rule as S r , but applies to the transmitting antenna of the satellite. where the second term may be regarded as the correction for satellite spin that must be added to the apparent range-rate : to obtain the true range-rate r.
III. GRARR S-Band System
In the GRARR S-Band System at Rosman, the bias frequency is derived from the transmitter frequency by division [2, 3] . The bias frequency is fb = f t /3600 (4) which, at the S-band transmitter frequencies used (f t =` 1.8 GHz) is approximately fb = 500 kHz
The output frequency fo is measured by means of a counter. The test was conducted using a recording rate of 1/sec, and in this case the counter is started The rate at which the counter operates, like the bias frequency, is controlled by the transmitter frequency. The counter is driven at a rate of Substituting (4) and (9) 
IV. Test Antenna
For reasons of convenience, the test of equation (3) was carried out at S-band, although in tracking applications the effect is larger at VHF frequencies because of the longer transmitter wavelength. Also a turnstile antenna, which was the type analyzed in reference (1) was not used. Instead, the test was performed* 141 using a motor-driven rotatable antenna especially constructed for the test by the Andrew Corporation. The antenna was a S-band helicons spiral antenna having right-hand circular polarization along the axis of the cone which was also the axis of rotation. The type "N" rotary joint did not appear to affect the phase appreciably as the antenna rotated.
The use of this antenna to simulate a turnstile 'should not affect the test results. The physical principle involved is clear. Maxwell's equations express a relationship between currents and charges and the associated electromagnetic field. The source of the currents and charges or any motion thereof is immaterial. Thus if an antenna, electrically driven to radiate a circularly polarized wave, is rotated mechanically about the direction of propagation, the mechanical motion is superposed on the electrically-induced motion of the radiating currents and charges on the antenna, the result being a change, equal to the mechz ical spin rate, of the frequency of the radiated circularly polarized wave.
* The test was performed for Goddard Space Flight Center by RCA under contract NAS 5-10600
The speed of test antenna rotation was determined optically, using a refleeting surface on the antenna cone, with the time interval between alternate* light impulses measured by the appropriate circuitry.**
V. Test Results
The test was conducted with the helicon antenna (mounted on a collimation 
VI. Summary
The effect of satellite antenna rotation on the range-rate output of the GRARR system was tested by simulating the satellite antenna with a groundbased rotating antenna. The observed range-rate error caused by the antenna rotation was in almost exact agreement with that predicted by theory. 
